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ABSTRACT 
 Studying the ecology of terrestrial turtle species provides understanding of their spatial 
needs. Radio-telemetry was used to study the home range size, movement, habitat use, and 
nesting of Terrapene carolina. Minimum Convex Polygons (MCP) and 95, 75, and 50% Kernel 
Density Estimates were used to measure home range size. Mean home range size was 7.4 ha 
(MCP) and 5.3 ha (95% Kernel). On average 76% of MCPs were overlapped by those of other 
radioed individuals. The home ranges were randomly distributed across the study site (p= 0.12, 
α= 0.05). Mean daily straight-line distance traveled was 31.5 meters. Most turtles traveled to 
locations that displayed clustered patterns. Turtles were most frequently radio-located to upland 
forests. In 2008, twelve Terrapene carolina were observed nesting. Nesting conditions and 
incubation temperatures were measured. Ten T. carolina nests were caged to protect from 
depredation and the mean hatching success for these nests was 85%.   
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CHAPTER I 
INTRODUCTION 
 
 Data on home ranges, habitat use, and reproduction are important precursors to the 
formulation of a species’ management plan (Donaldson and Echternacht 2005). Although 
Eastern Box Turtle (Terrapene carolina) populations in Illinois are currently showing no signs of 
concern, they are long-lived organisms with slow maturation and are vulnerable to decline 
(Webb 2002). Terrapene carolina is presently listed on the Convention of International Trade in 
Endangered Species (CITES) as a species that may become threatened if not properly managed 
(Lieberman 1994; Donaldson and Echternacht 2005). Previous studies have examined home 
ranges and habitat use of T. carolina (Table 1). Variation in findings, however, suggests the need 
for further investigation.  
 Terrapene carolina is one of four North American box turtle species (Dodd 2001). 
Populations inhabit the eastern half of the United States, from the Atlantic Coast to the eastern 
Great Plains, excluding the more northern portions (Ernst et al. 1994; Dodd 2001). In Illinois this 
species can be found along the eastern edge and the southern half of the state (Figure 1). 
Although it is mostly found in open woodlands, there is no single habitat type specific to T. 
carolina (Ernst et al. 1994; Dodd 2001). Strang (1983) found T. carolina equally in three 
different habitats in Pennsylvania; upland, lowland, and Yellow Pine Knob forests. They have 
also been observed on farmland and in woodland swamps in Virginia (Mitchell 1994). In the 
spring, Reagan (1974) found T. carolina in Arkansas mostly using grasslands and observed a 
seasonal habitat shift to forested areas in the summer. 
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 Home range can be defined as the area an individual uses to carry out daily activities 
(Stickel 1950). Feeding, exploratory, and nesting forays may extend the home range of T. 
carolina (Dodd 2001). Several studies using a variety of methods have previously estimated 
home ranges for T. carolina (Table 1). Home range size was found to vary depending on habitat 
quality and structure (Legler 1960; Stickel 1989). Populations in more complex habitats with 
natural and man-made obstructions may have larger home ranges (Legler 1960; Dodd 2001). 
Home range may also be related to population density; a small home range may indicate a large 
population and good habitat quality (Stickel 1950; Dodd 2001). Male and female home ranges 
have not differed in past studies (Stickel 1950; Schwartz and Schwartz 1974).  
 Previous studies of Terrapene have concentrated on home range and movement, while 
nesting ecology and nest success of this genus is largely understudied (Converse et al. 2002). 
The most researched aspects of Terrapene reproductive ecology cover mating behaviors and egg 
production (Dodd 2001). It is likely that the lack of box turtle nesting data is a result of their 
unpredictable nesting behaviors.  
 Terrapene carolina have been found to nest from early May to the middle of July, earlier 
or later depending on seasonal advance conditions (Dodd 2001). The time of day at which 
nesting occurs varies depending on temperature and other weather conditions. It has been found 
that T. carolina will generally nest just after, before, or during a rainfall (Congello 1978; Dodd 
2001). The duration of nesting activities is highly variable; sometimes lasting up to five hours, 
and likely depends on environmental conditions (Ewing 1935; Stickel 1950; Dodd 2001).  
 Nest site selection influences the development and survival of young turtles (Dodd 2001; 
Kolbe and Janzen 2001). Substrate type, temperature, and the amount of water dictate hatching 
success (Dodd 2001). Stickel (1989) found that female T. carolina will move to dry upland areas 
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to nest. Females may move long distances to find a proper nesting site; resulting in an extension 
of their home range (Williams and Parker 1987; Stickel 1989).  
  Terrapene carolina lay between one and seven eggs per clutch. The number of eggs 
deposited depends on the population’s geographic location, with four or more eggs in northern 
populations and one to three eggs in southern populations (Ernst et al. 1994; Dodd 2001). 
Geographic location may also influence the emergence time of T. carolina. Warmer temperatures 
may increase development rate and cause eggs to hatch sooner (Dodd 2001). Lab incubation 
periods have ranged from 46 to 81 days for T. carolina (Ewert 1985).  
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Tables and Figures 
Table 1. Mean home range size estimates of Terrapene carolina from previous studies. 
Study Site  
Location Study Method Estimation Method  Area (ha) N Source 
Maryland Mark & Recap Bivariate Normal 1.2 103 Stickel 1989 
        
Tennessee 
Thread Trailing & 
Telemetry Minimum Polygon 1.9 19 Donaldson &  
  95% Kernel Density 2.3  
Echternacht 
2005 
        
Illinois Telemetry Minimum Polygon 2.0 7 Khuns 2004 
   95% Kernel Density 1.5    
        
New York Telemetry Bivariate Normal 7.0  23 Madden 1975 
    Minimum Polygon 2.1     
      
North 
Carolina Telemetry Minimum Polygon 6.5  Hester  
  95% Kernel Density 2.8  10 et al. 2008 
 
 
 
 
 
Table 2. Mean daily distance (meters) traveled by Terrapene carolina from previous studies.  
 
Study Site 
Location Study Method Mean Distance N Source 
Tennessee Thread Trailing & 
Telemetry 
26 19 
 
Donaldson & 
Echternacht 
    
 2005 
 
 
Illinois Telemetry 20 7 Khuns 2004 
       
Delaware Telemetry 26 20 Iglay et al. 2007 
       
Pennsylvania Thread Trailing 40 33 Strang 1983 
     
North Carolina Telemetry 9 10 Hester et al. 
    2008 
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Figure 1. Distribution of T. carolina within the state of Illinois according to the Illinois Natural 
History Survey. Shaded areas indicate counties where individuals have been documented. 
 
 
 
 
 
  6 
CHAPTER II 
STUDY SITES 
 
Collison Site 
 The 2009 study area was partially located within the Middle Fork State Fish and Wildlife 
Area in Vermilion County, Illinois (N 40.23, W 87.79; Figure 3). The active area of the site was 
approximately 107 hectares of diverse habitat along the Collison Branch of the Middle Fork 
Vermilion River in east-central Illinois. Riparian corridors, ravines, and old fence rows divided 
the site into four main habitats; upland forests, old field/ grasslands, wet meadows, and 
floodplain forests (Figure 4; Figure 5). The canopy of the floodplain forests consisted mostly of 
box elder (Acer negundo), sycamore (Platanus occidentalis), walnut (Juglans nigra), silver 
maple (Acer saccharinum), and green ash (Fraxinus pennsylvania) (Keller and Heske 2000). 
Ground cover was dominated by slender nettles (Urtica gracilis), and orange jewelweed 
(Impatiens capensis). Areas of the upland forests reached 650 feet above sea level. Sugar maple 
(Acer saccharum), oaks (Quercus spp.) and hickories (Carya spp.) made up most of the upland 
forest canopy. Prior to 1971, many of the open fields were used for agriculture and are now 
being restored to natural habitat (Keller and Heske 2000). Old fields/restored prairies in the area 
mostly contained goldenrod (Solidago spp.) and patchy shrubs and blackberry thickets (Rubus 
allegheniensis). The wet meadows mostly contained canary grass (Phalaris spp.) and sedges 
(Carex spp.). Roadways, tributaries, and farmland surrounded the study site. 
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South Shore State Park 
 The 2008 study site was located in South Shore State Park in Clinton County, Illinois. 
The park is a state recreational area found adjacent to Carlyle Lake in the south-central part of 
the state (Figure 2; Figure 6). Carlyle Lake is an impoundment on the Kaskaskia River created 
by the US Army Corps of Engineers in 1967. The southwest corner of the study site was 
approximately 200 meters from the 10,400 ha lake (Khuns 2004). The site was approximately 24 
ha of two different habitat types; old field/degraded prairie and closed-canopy habitat (Figure 7). 
The old field/degraded prairie was open-canopy habitat with ground cover consisting mostly of 
goldenrod (Solidago spp.), rattlesnake master (Eryngium yuccifolium), grasses, and thickets. 
More than half of the site is closed-canopy habitat that was once dominated by the invasive 
autumn olive (Eleaganus umbellate). The canopy consists of oak trees (Quercus spp.), white pine 
(Pinus strobus), sycamore (Platanus occidentalis), honey locust (Gleditsia triacanthos), 
cottonwood (Populus deltiodes), red cedar (Juniperus virginiana) and sugar maple (Acer 
saccharum) (Khuns 2004). The north, east, and west edges of the site are bordered by roadways 
and the south edge of the site is bordered by an embankment. The site was ideal for a nesting 
study because of its manageable size and accessibility.  
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Figures 
Figure 2. Illinois county map: the Collison research site is located in Vermilion County and 
South Shore State Park is located in Clinton County. 
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Figure 3. Collison research site location in Vermilion County.  
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Figure 4. Aerial photo of the Collison research site from the Illinois Natural Resources 
Geospatial Data Clearinghouse in May of 2005. 
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Figure 5. Collison site land cover classification map (1999-2000) retrieved from the Illinois 
Natural Resources Geospatial Data Clearinghouse. The research site is outlined by a polygon. 
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Figure 6. South Shore State Park location in Clinton County. 
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Figure 7. Aerial photo of South Shore State Park from the Illinois Natural Resources Geospatial 
Data Clearinghouse in March of 2005. 
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Figure 8. Digitized map based on aerial photo of South Shore State Park from the Illinois Natural 
Resources Geospatial Data Clearinghouse in March of 2005. 
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CHAPTER III 
MATERIALS AND METHODS 
 
Data Collection 
Home Range, Movement, and Habitat Use 
 In the spring and summer of 2009, movement and home range data were collected at the 
Collison site in east-central Illinois. Approximately 120 hours were spent locating and capturing 
box turtles through visual encounter surveys. Males and females were identified by observing 
secondary sex characteristics. Turtles exhibiting a concave posterior plastron, red eyes, and a 
cloacal opening nearer the end of the tail were identified as males (Ernst et al. 1994).  
Each individual was uniquely marked by notching marginal scutes (Cagle 1939). 
Individuals were weighed on an electronic balance. Carapace length and width, shell height, left 
pectoral scute length, anterior plastron length and width, and posterior plastron length and width 
were measured with digital calipers. Marine epoxy was used to secure radio transmitters to a 
subset of the turtles encountered.  Transmitters were placed on the carapace such that copulation 
would not be interrupted. All adult females were x-rayed to see if they were gravid and 
determine clutch sizes (Gibbons and Greene 1979).  
Each turtle was tracked 4-7 times a week. GPS coordinates were recorded for each 
location in Universal Transverse Mercator (NAD83 map datum). All data were entered into a 
FileMaker® Pro database and coordinates were exported into ESRI® ArcMapTM 9.3.1 and 
ArcView 3.2 for analysis.  
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Nesting 
 In the spring and summer of 2008, approximately 175 hours were spent locating and 
capturing Terrapene carolina and T. ornata at South Shore State Park. All turtles were sexed, 
aged, measured, and notched. Females were x-rayed to determine clutch sizes. Marine epoxy was 
used to secure radio transmitters to a subset of the turtles encountered.  Transmitters were placed 
on the carapace such that copulation would not be interrupted. Hybrids were identified by a 
combination of the following characters: carapace, plastral, and head markings, the presence of a 
bridge, and axillary element on the fifth marginal scute (Smith 1955, Ward 1968). 
Each gravid female was tracked twice daily until oviposition occurred. Relative humidity, 
wind speed, air temperature, substrate temperature, percent of vegetation ground cover, and 
percent canopy cover was measured during nesting events. GPS coordinates were also taken.  
Ten T. carolina nests were enclosed with wire fencing to measure emergence time and 
hatching success without the risk of predation (Doroff and Keith 1990; Adamany et al. 1997). 
All nest sites were monitored daily and data loggers, which recorded temperature every ten 
minutes, were placed within the enclosed nests (Stoneburner and Richardson 1981; Doroff and 
Keith 1990). Emergence time and hatching success were measured for each nest. Hatchlings 
were weighed and carapace and plastron length and width were measured. 
 
Analysis 
Home Range, Movement, and Habitat Use 
Hawth’s Analysis extension for ArcMapTM 9.3.1 was used to calculate Minimum Convex 
Polygons (MCP) for the turtles radioed at Collison. Incremental area analysis using sample size 
bootstrapping provided in the Animal Movement extension for ArcView 3.2 was employed to 
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determine if the number of radio-locations allowed for sufficient estimations of each home range. 
This method randomizes and re-samples turtle locations to estimate MCP areas from 5 to n 
locations, where n = total number of locations (Hooge and Eichenlaub 1997; Khuns 2004). If a 
graph of the MCP area / re-sampled number of locations asymptoted, the sample size was large 
enough to sufficiently estimate the home range. A two-tailed independent t-test with equal 
variance was used to compare gravid female and male MCPs. Differences were significant if 
p<0.05.  
Kernel density estimates (KDE) at 95%, 75%, and 50% were also used to estimate home 
ranges. The smoothing factor (h) was calculated for each turtle using least square cross-
validation in ArcView 3.2 Animal Movement extension (Hooge and Eichenlaub 1997). An 
average smoothing factor was calculated and used to estimate the fixed kernel densities for each 
turtle (Khuns 2004). Total home range size was represented by 95% KDE and core home ranges 
were represented by 50% KDE (Donaldson and Echternacht 2005).  
Mean daily straight-line distance traveled was calculated for each turtle. Only days on 
which turtles were consecutively tracked were included in analysis (Donaldson and Echternacht 
2005). A two-tailed independent t-test (equal variance) was used to determine if there was a 
relationship between sex and daily distance traveled. Non-gravid females were left out of this 
analysis to eliminate variation. Average Nearest Neighbor analysis was used to analyze 
movement patterns for each turtle. 
Average Nearest Neighbor analysis was also used to determine the spatial arrangement of 
the radioed-turtles. The centroid of each MCP was used to calculate Euclidean distances and 
determine if the turtles were randomly distributed.  
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The MCP percent overlap was calculated for each individual by first generating a matrix 
of area overlap for all turtles. By examining one turtle at a time, all turtle MCPS that overlapped 
that turtle’s MCP were added into ArcView 3.2. GeoProcessing Wizard was used to dissolve 
overlapping MCPS into one feature. The feature was dissolved a second time to create a single 
polygon. The new polygon was then intersected with the turtles MCP and the area of overlap was 
compared to the turtle’s MCP area. 
A land cover map for Illinois 1999-2000 from the Illinois Natural Resources Geospatial 
Data Clearinghouse was used to analyze habitat use for each radioed-turtle. Number of observed 
turtle locations found in different habitat areas were calculated. 
 
Nesting 
Mean environmental conditions during nesting events were calculated. Incubation 
temperatures were retrieved from HOBO 4-channel external data loggers and mean incubation 
temperatures were calculated for each exclosed nest. Hatching success was estimated for each 
nest by dividing the number of hatched eggs by the clutch size. 
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CHAPTER IV 
RESULTS 
 
Home Range, Movement, and Habitat Use  
 Twenty-four adult turtles (9 gravid females, 3 non-gravid females, 2 females where 
gravidity was unknown, and 10 males) were radio-tracked between 7 May and 27 August 2009 at 
the Collison research site. The number of locations per turtle ranged from 48 to 63 (Table 7). For 
most individuals, the number of sampled locations was sufficient for estimating Minimum 
Convex Polygon (MCP) home ranges. The results of the incremental area analysis (IAA) showed 
that most MCP home ranges reached an asymptote (Appendix). Individuals 1L 11L, 1L 3L, 3L 
3R, and 3L 10R may have been under sampled. Individual 1L 11L was radio-located 53 times, 
individual 3L 3R was located 50 times, and individuals 1L 3L and 3L 10R were both located 52 
times. The IAA shows a rough asymptote that slightly fluctuates, indicating that larger sample 
sizes may have been needed to estimate these individuals’ MCPs (Appendix).  
 The grand mean MCP was larger than the 95% Kernel Density Estimate (KDE) grand 
mean; however, many individuals had MCP activity areas that were smaller than their 95% KDE 
(Table 3; Figures 9-32). Mean MCP activity areas and 95% KDE for gravid females were larger 
than male individuals; however, these differences were not significant (p= 0.98, α= 0.05; p= 
0.99, α= 0.05, respectively).  
 On average, each radioed turtle was located consecutively on 31 days. The mean daily 
straight-line distance traveled for telemetered turtles was 31.5 meters (Table 4). The mean 
maximum straight-line distance traveled over a 24 hour period was 136.5 meters. Female 
Terrapene carolina 1L 3R traveled the greatest distance moving 284.6 meters from 9 June to 10 
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June 2009 (Table 4). On average, gravid females traveled slightly greater distances than male 
individuals but these differences were not significant (p= 0.44, α= 0.05). It is likely that the 
actual daily distances traveled were greater than reported since turtles did not necessarily travel 
directly from one location to the next. 
 Most telemetered turtles displayed clustered movement patterns within their home ranges 
(Table 5). Male T. carolina 2L 10L was the only individual to have dispersed radio-locations 
within its’ home range. Male T. carolina 10L 12L and non-gravid female 9L 11L both traveled 
to random locations (Table 5).  
 MCP centroids for telemetered turtles were randomly distributed at the research site 
(Figure 34; p= 0.12, α= 0.05). Merged MCP home ranges for all radioed T. carolina create an 
activity area of 106.9 hectares (Figure 33). The mean MCP percent overlap was 76%. At least 
35% of each individual’s MCP was overlapped by other turtles (Table 6). Male T. carolina 1L 
3L and 3L 10R had MCPs that were 100% overlapped by other telemetered turtles. Non-gravid 
females 2L 3L and 9L 11L also had MCPs that were completely overlapped by other turtles 
(Table 6).  
 Terrapene carolina most frequently used upland forests at the Collison research site 
(Table 7; Figures 9-32). Individuals 8L 9L, 9L 11L, 3L 9L, and 9L 8R were mostly radio-located 
to old fields/ rural grasslands. Gravid female 1L 11L was mostly found using floodplain forests. 
Wet meadows and agricultural fields were seldom used by radioed individuals (Table 7).  
 
Nesting 
 Approximately 175 hours between 10 May and 20 June 2008 were spent searching for 
female Terrapene at South Shore State Park. All female Terrapene found before 20 June were x-
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rayed. The first group of females was x-rayed on 20 May and the second group was x-rayed on 
25 May; however no females were found to be gravid before the third x-ray session on 3 June. 
Fifty-four percent of the 35 x-rayed females were gravid. Twenty-one gravid females; 18 T. 
carolina, 2 T. ornata, and 1 T. carolina x ornata hybrid, were secured with radio-transmitters 
and tracked until they nested. Clutch sizes for gravid female T. carolina at SSSP (mean= 5.4 
eggs, max= 8, min= 3; Table 8) were similar to previous studies (Congello 1978; Ernst et al. 
1994; Dodd 2001).  Female T. carolina 12L was palpated after the last x-ray session and clutch 
size was unknown. Both T. ornata had clutch sizes of four eggs and the T. carolina x ornata 
hybrid (9L 10L 11L) had a clutch size of six eggs. The female T. carolina with the greatest mass 
(1L 3L 3R) had the largest clutch size (Table 8). 
 A total of 14 Terrapene nests were located; 12 T. carolina, 1 T. ornata, and 1 T. carolina 
x ornata hybrid nest (Figure 35; Figure 36). Terrapene carolina nested between 11 June and 13 
July (Table 9). The average air temperature during T. carolina nesting events was 24.6 degrees 
Celsius, the average substrate temperature was 23.9 degrees Celsius, the average humidity was 
75.2% and the average wind speed was 0.1 meters per hour (Table 9).  Terrapene carolina 
selected nest sites where at least 38% of the ground was covered by vegetation (Mean=86.4; 
Table 10). Seven of the T. carolina nest sites were located in areas where percent over story was 
50% or greater and five nests were found in areas with less canopy cover (Mean=49.2; Table 10). 
 Ten T. carolina nests were caged with wire fencing and set with data loggers (Figure 35). 
The average incubation temperature inside the caged nests was 22.5 degrees Celsius and the 
average temperature just above the nests was 22.9 degrees Celsius (Table 11). One of the caged 
nests failed to hatch and was dug up on October 7.  Two dead eggs were found. Mean hatching 
success for the nine successful nests was 85% (Table 12). There was a 100% predation rate for 
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the four un-caged nests. Three of the four depredated nests were located on the forest edge or 
near roads (Figure 36). Hatchlings from nests of T. carolina 1L 3L 3R, 3L 11L 2R, 8L 10L 2R, 
8L 10L 1R, and 1L 3L 11L emerged on their own. The mean incubation period for these nests 
was 102 days min= 93, max= 108) and is similar to data from other studies (Pope 1938; Smith 
1961; Minton 1972). Three of the four nests that did not have 100% hatching success (3L 10L 
3R, 8R 10R 11R, and 3L 10L 2R) had slightly lower incubation temperatures than the other nests 
(≤ 23.3 degrees Celsius).  
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Tables and Figures 
Table 3. Minimum Convex Polygon (MCP) activity areas and Kernel Density Estimates (KDE, 
in hectares), for radioed turtles at the Collison research site. Clutch sizes for gravid females also 
given. 
 
  ID MCP (ha)   KDE (ha)     
    100% 95% 75% 50% 
Clutch 
Size 
Gravid Females 10L 11L  11.1 10.8 4.1 2.2 6 
  3L 11L 4.5 6.7 2.9 1.1 6 
  1L 12L 34.4 10.3 1.9 0.6 4 
  1L 11L 12.7 6.1 2.4 1.1 4 
  1L 2R 2.7 3.4 1.3 0.6 7 
  1L 1R 12.6 7.4 2.3 1.2 5 
  3L 3R 3.2 3.2 1.4 0.7 7 
  9L 8R 25.7 6.0 1.6 0.6 7 
  9L 9R 5.1 3.1 1.3 0.7 4 
  MEAN 12.4 6.3 2.1 1.0   
         
Males 2L 10L 3.3 5.4 2.2 0.6   
  2L 9L 3.3 4.8 1.8 0.8   
  2L 11L 8.4 8.0 3.2 1.2   
  3L 9L 2.7 3.6 1.1 0.5   
  2L 8L 4.7 5.8 1.9 0.8   
  2L 10R 1.6 3.3 1.5 0.7   
  10L 12L 1.8 4.6 2.1 0.6   
  1L 3L 1.4 2.8 1.7 1.0   
  3L 10R 4.3 3.7 1.7 0.8   
  1L 8R 3.1 3.0 1 0.5   
  MEAN 3.5 4.5 1.8 0.8   
         
Non-Gravid Females 8L 9L 9.5 5.4 1.7 0.6   
  2L 3L 1.3 3.4 1.4 0.7   
  9L 11L 1.4 3.6 2.1 1.0   
  MEAN 4.1 4.1 1.7 0.8   
         
Females (Gravidity 
unknown) 1L 3R 11.7 8.8 2.4 1.1   
  9L 10R 6.7 4.1 1.3 0.6   
  MEAN 9.2 6.5 1.9 0.9   
  
GRAND 
MEAN 7.4 5.3 1.9 0.8   
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Table 4. Daily straight-line distances traveled for radio tracked Terrapene carolina at the 
Collison research site. Distances are in meters and n is the number of consecutive radio-locations 
used in the calculations. 
 
 
 
  ID   
Daily Straight-
Line Movements       
    Mean Max. Min. Var. Stdev. n 
Gravid Females 10L 11L  39.5 125.1 0 1360.3 36.9 30 
  3L 11L 29.7 132.2 4.2 660.3 25.7 32 
  1L 12L 35.4 224.4 0 2992.9 54.7 33 
  1L 11L 19.2 71.3 0 369.9 19.2 31 
  1L 2R 37.7 93.9 4.2 706.1 26.6 28 
  1L 1R 26.2 116.1 3.2 973.1 31.2 29 
  3L 3R 31.3 95.3 2.8 762.3 27.6 27 
  9L 8R 41.5 131.5 3.6 1258.4 35.5 27 
  9L 9R 17.5 67.2 0 298.2 17.3 29 
  MEAN 30.9           
          
Males 2L 10L 44.6 235.3 2 10881.8 45.4 33 
  2L 9L 27.0 107.1 3.6 690.0 26.3 32 
  2L 11L 30.7 223.1 0 1563.2 39.5 35 
  3L 9L 23.0 145.3 0 4184.8 34.6 32 
  2L 8L 23.2 107.2 1.4 497.7 22.3 31 
  2L 10R 26.9 82.8 0 490.8 22.2 31 
  10L 12L 25.9 145.5 0 741.4 27.2 34 
  1L 3L 42.9 154.8 0 1712.9 41.4 30 
  3L 10R 31.6 84.2 0 538.5 23.2 31 
  1L 8R 23.0 82.9 1 375.2 19.4 31 
  MEAN 29.9           
          
Non-Gravid 
Females 8L 9L 38.1 225.4 0 2002.5 44.7 36 
  2L 3L 20.3 51.5 3.2 176.6 13.3 34 
  9L 11L 32.3 148.2 0 1177.6 34.3 32 
  MEAN 30.2           
          
Females 
(Gravidity 
Unknown) 1L 3R 43.3 284.6 0 4374.0 66.1 31 
  9L 10R 45.7 139.9 5 1533.2 39.2 30 
  MEAN 44.5       
  
GRAND 
MEAN 31.5           
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Figure 9. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene carolina 
8L 9L at the Collison research site. Total home range size represented by 95% KDE and 50% 
KDE represents core home range activity area. The Collison site land cover classification map 
(1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data Clearinghouse. 
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Figure 10. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 3L at the Collison research site. Total home range size represented by 95% KDE and 
50% KDE represents core home range activity area. The Collison site land cover classification 
map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data 
Clearinghouse. 
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Figure 11. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 10L 11L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 12. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 9L 11L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 13. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 3L 11L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 14. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 11L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
 
  31 
Figure 15. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 3L 9L at the Collison research site. Total home range size represented by 95% KDE and 
50% KDE represents core home range activity area. The Collison site land cover classification 
map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data 
Clearinghouse. 
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Figure 16. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 10L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 17. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 9L at the Collison research site. Total home range size represented by 95% KDE and 
50% KDE represents core home range activity area. The Collison site land cover classification 
map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data 
Clearinghouse. 
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Figure 18. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 12L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 19. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 8L at the Collison research site. Total home range size represented by 95% KDE and 
50% KDE represents core home range activity area. The Collison site land cover classification 
map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data 
Clearinghouse. 
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Figure 20. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 2L 10R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 21. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 11L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 22. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 10L 12L at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 23. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 3L at the Collison research site. Total home range size represented by 95% KDE and 
50% KDE represents core home range activity area. The Collison site land cover classification 
map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial Data 
Clearinghouse. 
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Figure 24. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 2R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 25. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 1R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 26. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 3L 3R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 27. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 3L 10R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 28. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 8R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 29. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 9L 10R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 30. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 9L 8R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 31. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 1L 3R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 32. MCP activity area, KDE (95%, 75%, 50%) and radio-locations for Terrapene 
carolina 9L 9R at the Collison research site. Total home range size represented by 95% KDE 
and 50% KDE represents core home range activity area. The Collison site land cover 
classification map (1999-2000) was retrieved from the Illinois Natural Resources Geospatial 
Data Clearinghouse. 
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Figure 33. Merged MCP home ranges for all radioed Terrapene carolina at the Collison research 
site.  
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Figure 34. MCP centroids for each radioed Terrapene carolina at the Collison research site. 
Centroids represent the center of each turtles activity area. 
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Table 5. Radio-location patterns for each radioed Terrapene carolina at the Collison research 
site. Patterns were determined by measuring Euclidean distances between radio-locations. An x 
indicates that the individual’s locations had no significant pattern. 
 
  ID Average Nearest Neighbor Analysis     
    Pattern Z Score 
Significance 
Level 
Gravid Females 10L 11L  Clustered -4.09 0.01 
  3L 11L Clustered -3.27 0.01 
  1L 12L Clustered -4.77 0.01 
  1L 11L Clustered -5.97 0.01 
  1L 2R Clustered -4.07 0.01 
  1L 1R Clustered -8.86 0.01 
  3L 3R Clustered -4.27 0.01 
  9L 8R Clustered -8.8 0.01 
  9L 9R Clustered -7.42 0.01 
       
Males 2L 10L Dispersed 4.08 0.01 
  2L 9L Clustered -5.10 0.01 
  2L 11L Clustered -2.37 0.05 
  3L 9L Clustered -5.69 0.01 
  2L 8L Clustered -4.65 0.01 
  2L 10R Clustered -2.66 0.01 
  10L 12L Random -1.1 x 
  1L 3L Clustered -2.26 0.05 
  3L 10R Clustered -2.15 0.05 
  1L 8R Clustered -2.48 0.05 
       
Non-Gravid Females 8L 9L Clustered -9.13 0.01 
  2L 3L Clustered -4.36 0.01 
  9L 11L Random -0.97 x 
       
Females (Gravidity 
Unknown) 1L 3R Clustered -2.33 0.05 
  9L 10R Clustered -2.42 0.05 
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Table 6. Percent of MCP overlap for each radioed Terrapene carolina at the Collison research 
site. 
 
  ID 
            Percent                                              
overlap 
      
Gravid Females 10L 11L  53 
  3L 11L 54 
  1L 12L 63 
  1L 11L 42 
  1L 2R 98 
  1L 1R 74 
  3L 3R 99 
  9L 8R 36 
  9L 9R 55 
     
Males 2L 10L 35 
  2L 9L 63 
  2L 11L 92 
  3L 9L 99 
  2L 8L 87 
  2L 10R 75 
  10L 12L 99 
  1L 3L 100 
  3L 10R 100 
  1L 8R 99 
     
Non-Gravid Females 8L 9L 45 
  2L 3L 100 
  9L 11L 100 
     
Females (Gravidity 
Unknown) 1L 3R 59 
  9L 10R 99 
  MEAN 76% 
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Table 7. Number of observations in upland forests, old fields/ rural grasslands, wet meadows, 
agriculture fields, and floodplain forests for radioed turtles at the Collison research site where n 
is the total number of radio-locations. 
 
  ID     Habitat       
   Grassland Floodplain Upland Wet meadow Agriculture n 
Gravid 
Females 10L 11L  17 9 32 1  59 
  3L 11L 6 12 40   58 
  1L 12L 17 3 36   56 
  1L 11L 15 18 10  10 53 
  1L 2R 15 1 33  1 50 
  1L 1R 20 2 26  4 52 
  3L 3R  14 36   50 
  9L 8R 30 2 14  2 48 
  9L 9R 9  41   50 
          
Males 2L 10L 18 5 34   57 
  2L 9L 5 3 48   56 
  2L 11L 17 4 36   57 
  3L 9L 31 1 10 14  56 
  2L 8L 6 8 39   53 
  2L 10R 3 20 30   53 
  10L 12L 9  45   54 
  1L 3L  3 49   52 
  3L 10R 9  43   52 
  1L 8R 2  50   52 
          
Non-
Gravid 
Females 8L 9L 30 3 29  1 63 
  2L 3L 18 5 38 2  63 
  9L 11L 34 1 18 6  59 
          
Females 
(Gravidity 
unknown) 1L 3R 15  34  2 51 
  9L 10R 4   48     52 
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Table 8. Morphological measurements and clutch sizes for radioed females at South Shore State 
Park. 
 
  ID Species Weight               CL     CW    Clutch  
               Size 
Nested Females 1L 3L 3R T. carolina 629 142 111 8 
  3L 10L 3R T. carolina 483 140 111 6 
  SSSP 8L 9L  T. carolina 522 130 103 4 
  3L 11L 2R T. carolina 612 146 113 7 
  2L 9L 12L T. carolina 561 143 106 5 
  3L 10L 2R T. carolina 425 125 98 4 
  8R 10R 11R T. carolina 500 147 106 4 
  8L 10L 1R T. carolina 425 127 102 3 
  8L 10L 2R T. carolina 497 127 102 6 
  1L 3L 11L T. carolina 517 134 102 7 
  8L 10L 11R T. carolina 436 127 102 5 
  8L 9L 12R T. carolina 499 137 104 6 
  3L 9L 11L T. ornata 388 111 92 4 
  9L 10L 11L 
T. carolina x 
ornata 424 134 105 6 
              
Females Missed 
Nesting 3L 12L 2R T. carolina 551 142 104 6 
  1L 12L 1R T. carolina 547 138 109 5 
  1L 9L 12R T. carolina 413 123 96 6 
  8L 11L 12L T. carolina 450 129 104 4 
  10L 8R T. carolina 514 131 103 6 
  SSSP 9L 10R T. ornata 458 134 100 4 
  12L T. carolina 475 130 96 Unknown 
         
         T. carolina MEAN 5.4 
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Table 9. Environmental conditions from observed nesting events at South Shore State Park. 
Female ID Species 
Date 
nested 
Time of 
observation 
Air 
temp. 
Substrate 
temp. 
% 
Humidty 
Wind 
speed 
1L 3L 3R T. carolina 6/11/2008 22:43 25.3 24.2 75 0.0 
3L 10L 3R T .carolina 6/12/2008 21:15 29.3 25.8 73 0.5 
8L 9L T. carolina 7/13/2008 22:58 22.7 25.6 73 0.0 
3L 11L 2R T. carolina 6/12/2008 22:38 27.2 25.9 74 1.1 
2L 9L 12L T. carolina 6/21/2008 21:35 20.9 23.0 82 0.0 
3L 10L 2R T. carolina 6/27/2008 22:42 23.1 22.9 n/a 0.0 
8R 10R 11R T. carolina 6/15/2008 22:25 23.5 21.6 71 0.0 
8L 10L 1R T. carolina 6/21/2008 21:30 20.8 23.7 80 0.0 
8L 10L 2R T. carolina 6/11/2008 17:51 31.0 23.4 61 0.0 
1L 3L 11L T. carolina 6/13/2008 20:33 24.7 23.8 83 0.0 
8L 10L 11R T. carolina 6/29/2008 22:06 22.9 22.6 80 0.0 
8L 9L 12R T. carolina 6/27/2008 22:17 23.9 23.8 n/a 0.0 
3L 9L 11L T. ornata  7/2/2008 21:23 26.4 23.2 70 3.0 
9L 10L 11L T.carolina x 
ornata 
6/13/2008 21:10 
 
23.2      23.9       83      0.0 
 
 
 
 
Table 10. Average over story and vegetation ground cover for nest sites at South Shore State 
Park. 
Female ID Species 
Average  
over story 
Average vegetation 
ground cover 
01L 03L 03R T. carolina 93.9 77.5 
03L 10L 03R T. carolina 42.4 38.2 
08L 09L T. carolina 0.5 97.8 
03L 11L 02R T. carolina 16.4 98.8 
02L 09L 12L T. carolina 87.9 98.8 
03L 10L 02R T. carolina 54.1 87.1 
08R 10R 11R T. carolina 15.3 98.8 
08L 10L 01R T. carolina 33.5 97.2 
08L 10L 02R T. carolina 60.1 99.8 
01L 03L 11L T. carolina 50.4 75.7 
08L 10L 11R T. carolina 62.7 94.1 
08L 09L 12R T. carolina 72.8 72.5 
03L 09L 11L T .ornata 0.0 91.5 
09L 10L 11L T .carolina x ornata 89.2 94.1 
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Figure 35. Caged nest site locations at South Shore State Park.  
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Table 11. Incubation temperatures for caged nests at South Shore State Park. 
ID Species 
Average temperature 
above nest 
Average temperature in 
nest  
1L 3L 3R T. carolina 23.3 23.1 
3L 10L 3R T. carolina 22.8 22.3 
SSSP 8L 9L T. carolina 23.4 23.0 
3L 11L 2R T. carolina 24.4 23.5 
2L 9L 12L T. carolina 22.6 22.0 
3L 10L 2R T. carolina 21.2 21.3 
8R 10R 11R T. carolina 21.8 21.2 
8L 10L 1R T. carolina 22.1 22.0 
8L 10L 2R T. carolina 24.0 23.4 
1L 3L 11L T. carolina 23.9 23.4 
 
 
 
 
 
Table 12. Hatching success and hatchling weight for caged nests at South Shore State Park. 
ID Species 
Date emerged/ 
nest dug up 
Number of 
hatchlings 
Hatching 
success 
Average hatchling 
weight 
1L 3L 3R T. carolina 9/27/2008 8 100% 7.5 
3L 10L 3R T. carolina 10/7/2008 4 67% 5.6 
SSSP 8L 9L T. carolina 10/7/2008 4 100% 8.5 
3L 11L 2R T. carolina 9/26/2008 7 100% 6.3 
2L 9L 12L T. carolina 10/7/2008 5 100% 7.7 
3L 10L 2R T. carolina              *    
8R 10R 11R T. carolina 10/7/2008 2 50% 9.9 
8L 10L 1R T. carolina 10/6/2008 3 100% 5.8 
8L 10L 2R T. carolina 9/14/2008 6 100% 8.6 
1L 3L 11L T. carolina 9/14/2008 3 50% 6.2 
8L 10L 11R T. carolina     depredated     
8L 9L 12R T. carolina     depredated     
3L 9L 11L T. ornata     depredated     
9L 10L 11L T.carolina x ornata depredated       
        
           MEAN 4.7 85% 7.3 
     * Eggs did not hatch by 10/7/2008. Two eggs were found dead. 
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Figure 36. Depredated nest site locations at South Shore State Park. 
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CHAPTER V 
DISCUSSION 
 
Home Range, Movement, and Habitat Use 
 Chief among the factors that can influence box turtle home range size are environmental 
variables and resource availability. Comparison of home range sizes among studies can be used 
to assess a habitat’s suitability and complexity (Stickel 1950). Because home range size was not 
significantly influenced by sex, the grand mean Minimum Convex Polygon size (7.4 hectares) 
may be used to describe telemetered individuals at the Collison research site. Compared to the 
results of other studies that used MCP to estimate home range size, radioed turtles from this 
study had a mean MCP area that was approximately three times larger (Madden 1975; Khuns 
2004; Donaldson and Echternacht 2005). The 95% Kernel Density Estimate was also larger than 
other studies (Khuns 2004; Donaldson and Echternacht 2005). Although no qualitative 
measurements were taken, the habitat appeared favorable for T. carolina and similar to the sites 
described in several other studies (Stickel 1950; Schwartz and Schwartz 1974; Reagan 1974; 
Madden 1975). The heterogeneity of the Collison research site is likely the cause for the large 
MCP areas (Legler 1960). Microhabitats are scattered like a mosaic and ravines, old farm fences, 
and tributaries can be found throughout the site. It is likely that individuals needed to travel 
greater distances around these obstacles to navigate to/from microhabitats. It is also possible that 
this population’s density and demographics may be the cause for the large home range areas. A 
small population or a population where the male to female sex ratio is skewed may cause 
individuals to extend their mate seeking forays (Stickel 1950). The MCP centroids for 
telemetered turtles were randomly distributed at the research site but further investigation on sex 
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ratios, spatial arrangement, and population density is necessary before determining the effects 
these factors have on home range size. 
 Minimum Convex Polygons and Kernel Density Estimates are methods commonly used 
in box turtle home range studies (Madden 1975; Khuns 2004; Donaldson and Echternacht 2005; 
Hester et al. 2008). MCP estimators take into account all GPS locations and distant outliers that 
may not necessarily represent part of an individual’s home range. For this reason, MCP areas 
may inaccurately estimate true home ranges (Khuns 2004; Donaldson and Echternacht 2005). 
Fixed Kernel Density estimates using least square cross-validation have shown to be the least 
bias home range estimator (Worton 1989; Seaman and Powell 1996). Several individuals in this 
study had 95% KDE that were larger than their MCP areas. This is because MCP areas do not 
take into account the density of radio-locations and roughly outlines the home range. Three 
gravid females (1L 12L, 1L 11L, and 9L 8R) had MCP areas that were much larger than their 
95% KDE. Low-density exploratory locations during nesting forays are likely the cause (Stickel 
1950; Stickel 1989).  
 The amount of MCP overlap between individuals (mean= 76%) supports the notion that 
box turtles are not territorial (Dodd 2001). The overall activity area created by merged MCPs 
(106.9 hectares) appeared to have been confined by farms surrounding the West, Southwest, and 
East edges. The North and Northeast edges of the area were bordered by the Vermilion River. 
Turtles were rarely found on the other side of tributaries or on farms. Female T. carolina 1L 11L 
crossed a tributary and resided at the edge of an abandoned farm for several days beginning on 
15 June. It is likely that the turtle nested at this site since females will typically cleared, open 
fields to nest (Congello 1978; Ernst et al. 1994). Individuals other than the gravid females were 
seldom seen using farmland. Consistent with other findings, T. carolina most frequently used 
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closed canopy forests at the Collison site (Stickel 1950; Schwartz and Schwartz 1974; Reagan 
1974; Madden 1975). Most individuals tended to use floodplain forests to travel between rural 
grasslands/ old fields to upland forests. Some seasonal trends were observed where individuals 
used grassland habitat more in the spring and upland forests during the summer months. Reagan 
(1974) noticed a similar seasonal habitat shift. Further study concentrating on seasonal habitat 
use at the Collison site is worth investigating.  
 The mean daily straight line distance traveled (31.5 meters) for this population of T. 
carolina  was larger than previous studies that also used radio telemetry (Khuns 2004; Iglay et 
al. 2007; Hester et al. 2008). One possible explanation for this finding is that radioed individuals 
may have used the ravines, farms, and open fields as travel corridors. It is necessary for a 
heterogeneous landscape to have some sort of connectivity in order for a population to survive 
(Browne et al. 2006). Aquatic turtles have been observed using smaller ponds to travel between 
two larger ponds during a 4-year study in northern Virginia (Browne et al. 2006). It is argued 
that connectivity is a dependent variable that is influenced by a species’ movement behaviors and 
habitat quality (Browne et al. 2006). Although farms are probably not suitable T. carolina 
habitat, they may be perceived as an open-space opportunity and quick access route. 
Occasionally individuals were observed at the edge of a farm or end of a ravine and were radio-
located a great distance away 24 hours later. For example, T. carolina 1L 3R was found at the 
edge of a farm on 29 June at 11:16 and was located on the other side of the farm 251.8 meters 
away on 30 June at 11:23. An environmental review team in eastern Connecticut also noticed 
Terrapene carolina using farmland as open-space corridors (Sych et al. 2003). There is currently 
a lack of data involving reptilian use of travel corridors and future investigation may be essential 
for managing populations of vulnerable species (McCullough 1996).  
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 Although movement paths were not analyzed during this study, the results of the Average 
Nearest Neighbor Analysis conducted on radio-locations showed that most turtles moved to 
clustered locations. This is possible evidence of site fidelity.  
 
Nesting 
 There was 100% predation rate for the un-caged nests at South Shore State Park (SSSP). 
SSSP is actively used for recreation by tourists and campers throughout the spring and summer 
months. Human activity is known to attract mammalian predators. Opossums (Didelphis 
virginiara), raccoons (Procyon lotor), and skunks (Mephitis mephitis) were frequently seen at the 
park and are likely to predate upon box turtle nests (Temple 1987). Depredated nest sites were 
located at the edge of forests or near roads. Turtles that nest closer to habitat edges have a higher 
risk of predation (Temple 1987; Kolbe and Janzen 2002). With a decrease in undisturbed, 
unaltered habitat, box turtles are forced to nest in habitats where farms and roadways are located. 
It is likely that many of the caged nests in 2008 would have been depredated had they not been 
protected. 
Although mentioned several times throughout this paper, it cannot be stressed enough 
that future research on Terrapene carolina is necessary for the management and fate of this 
species. A small amount of box turtle habitat is left unaltered and individuals are forced to adapt 
to the modifications. Nest depredation and predation preventatives at South Shore State Park 
should be looked at more closely. Terrapene research in Illinois should also be focused on 
movement and use of private land at the Collison research site.  
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APPENDIX 
 
 Incremental area analysis: bootstrapping results for radioed turtles at the Collison 
research site. Graphs are asymptotic curves which resulted from plotting the number of radio-
locations against MCP home range size in meters squared. 
                                          
 
 
Incremental area curve list for radioed individuals: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a 8L 9L 
b 2L 3L 
c 10L 11L 
d 9L 11L 
e 3L 11L 
f 2L 11L 
g 3L 9L 
h 2L 10L 
i 2L 9L 
j 1L 12L 
k 2L 8L 
l 2L 10R 
m 1L 11L 
n 10L 12L 
o 1L 3L 
p 1L 2R 
q 1L 1R 
r 3L 3R 
s 3L 10R 
t 1L 8R 
u 9L 10R 
v 9L 8R 
w 1L 3R 
x 9L 9R 
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